Abstract. Currently, the reliability of wireless channel simulation is poor, and it cannot provide the interface for the actual physical equipment. Rayleigh fading channel model is used as the theoretical model in this paper, proposed a model based on shaping filter method and easy to implement for FPGA hardware. The model uses a computer to realize the shaping filter to reduce the consumption of the FPGA chip resources; linear interpolation method to achieve the Doppler frequency shift, Rayleigh fading. Test results show that the output of the hardware simulator fading characteristics consistent with the theoretical value, it can be used for wireless communication system simulation test.
Introduction
The development of mobile communication in recent years rapidly, the information transmitted in the mobile communication is achieved through the wireless channel, the performance of the wireless communication system is heavily dependent on the characteristics of the wireless channel. In order to optimize wireless communication system back-end signal processing algorithms, effectively predict, verify the performance of wireless communication systems require an accurate radio channel model [1] [2] [3] . Currently, computer-based radio channel pure software simulation technology is simple, low cost, flexibility, suitable for wireless communication theory and key technology research. However, software simulation system out of the actual situation, the simulation results are less reliable, cannot meet the needs of some system level simulation for real time. It's difficult to provide an interface to the actual physical device, making it impossible to build a semi-physical simulation system to complete the hardware level simulation and testing. Most of the existing emulators are expensive, poor scalability, high system upgrade costs [4] . Based on the model of channel theory, this paper presents a method to realize the FPGA implementation.
Small Scale Fading Theoretical Model
The small-scale fading of wireless channel is an important feature of the wireless communication environment, including the fading caused by multipath effect and the channel time-varying. The signal received by the mobile station is composed of many reflections paths, radio waves through the various paths of different distances, therefore, the time of arrival of the reflected wave is different, and the phase is different, a plurality of signals of different phases superimposed at the receiving end, sometimes same superimposed strengthened, sometimes the reverse is superimposed weakened [5] [6] [7] [8] . Therefore, the time variant multipath characteristics of the channel will cause the random fluctuation of the received signal amplitude.
When the signal bandwidth is less than the channel correlation bandwidth, the fading is flat fading. At this time, the multi indistinguishable paths are superimposed together, a path can be used to replace the multipath signal in the process of modeling. Set up the transmitter signal is expressed as:
When the delay is a particular '  , the received signal contains N multipath signals, which can be expressed as:
Where f  is the Doppler frequency, i  is the phase of the arriving waves, i a is the signal amplitude, they are random variables. Make:
Then:
Thereby:
When N is large, ( )
I h t and ( )
Q h t are the summation of a large number of independent random variables. According to the Central Limit Theorem, the summation for a large number of independent random variables is close to normal, thus, ( ) I h t and ( ) Q h t is a Gaussian random process.
In the plural form (4): 
( ) h t represents the channel impulse response. otherwise known as fading factor. Two quadrature components of ( ) h t become zero-mean narrowband Gaussian random process. At this point, the phase of ( ) h t obeys the uniform distribution, and the envelope obeys the Rayleigh distribution: Since the I road and Q road signals of the fading channel model are independent, the corresponding hardware structure model can be designed as shown in Figure 1 .
The fading factor is generated by the Gauss white noise by forming filter, due to the high system sampling frequency, the spectrum width of shaping filter cannot be too narrow, so the maximum Doppler frequency shift of the original fading factor m f tend to be large. In order to make the maximum Doppler frequency shift and the actual application phase matching, Linear interpolation is needed for the original fading factor. The interpolation factor M can be calculated by the following formula:
s f is the system sampling frequency, FFT N is the FFT length, Fading N is shaping filter spectral width, m f is the Doppler shift [9, 10] . Shaping filter is the core of hardware simulator, the spectrum characteristics of shaping filter determines the spectrum of the fading signal. Different channel environments are simulated by different spectral shaping filters. Since the order of the shaping filter is very high, realized by a computer forming filter can significantly reduce FPGA chip resource consumption. The linear interpolation in the FPGA can achieve real-time control of the maximum Doppler shift changes, in order to simulate the relative velocity changing.
Performance Simulation
Jakes spectrum is also known as the classical spectrum, which is commonly used in channel simulation. Its power spectral density can be expressed as: After the design and implementation, through the Chip Scope software to observe the waveform of the base band signal. The fading signal is shown in figure 3 . Figure 4 is a histogram of the signal amplitude fading. It can be clearly seen that the fading signal envelope obeys the Rayleigh distribution. Comparison of measured data and software simulation results of Rayleigh fading shows that the output of the hardware simulator is in agreement with the theoretical distribution.
Conclusion
In this paper, a theoretical model of the fading channel is studied, and a hardware implementation scheme based on the shaping filter model is proposed. The measured data show that the statistical distribution of the output of the hardware simulator is in agreement with the theoretical distribution, which can be used for the test and development of wireless communication equipment.
